pH dependence of the cooperative interactions and conformation of tryptophan oxygenase.
Allosteric interactions in the cupro-heme enzyme tryptophan oxygenase (EC 1.13.11.11) of Pseudomonas acidovorans are shown to be pH-dependent. Increasing the assay pH from 6.0 to 8.0 progressively desensitizes the enzyme from both homotropic and heterotropic ligand interactions. This pH-dependent reversible transition has a pK of 6.2. Hill coefficients for the substrate L-tryptophan of 2.0 and 1.4 were measured at pH 6.0 and pH 7.0, respectively. In attempting to identify the enzymatic residue (or residues) responsible for these pH-dependent effects, the enzyme was observed to be irreversibly inactivated by photoinduced oxidation in the presence of the sensitizer, methylene blue. The photoinactivated enzyme showed a loss of one-half its Soret (405 nm) absorption which accompanied the loss of one-half its heme and histidine contents. This first order photoinduced inactivation was pH-dependent and corresponded to a requirement for a protonated species with a pK of 6.2. These results suggest that histidine residues may be involved in the catalytic function and in mediating cooperative interactions of tryptophan oxygenase. Absolute and difference sedimentation velocity analyses indicate that the molecule undergoes a conformational transition when the pH is decreased from pH 8.0 to pH 6.0. This conformational alteration, measured as a 3.9% increase in S20, w can be regarded as an equivalent decrease in the frictional coefficient. If, a more or less spherical shape to the molecule is assumed, then, the 3.9% decrease in the frictional coefficient between pH 8.0 and 6.0 corresponds to a 12% decrease in apparent hydrodynamic volume of the enzyme. Thus, protonation of an enzymatic moiety, possibly histidine, determines both the conformational and functional interactions between enzymatic sites.